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FOREWORD

This is the one-hunctred and ninth of a series of’

reports designed to :present accounts of progress in saline

water convmsion with the expectation that the exchan(jd of

such data will..contribute to the I.ong-range development of
economical processes applicable to large-scale, low-cost

deminerakization of sea or other saline water.

Except for minor editing, the data herein are as

contained in the reports submitted, by Burns and Roe, Inc.

under Contract No. “14-01-0001-+5 , ccnwring engineering
studies completed in I&ember 1963. The data and conclusions
given in this report are &sscntially those of the Contractor

and are not necessarily endorsed by the Department of thfi

Interior.



Crcat&d in 1849, the i)epartmcnt of the Interior--

America’s Department of Natural Resources--is concerned with

the managcmtint, con~ervaiion , and development oJ’ the Nation’s

water, wildlife, mineral, forest , and par”k and recreational

r(?sources. It also has major re~ponsibilities for Indian and

Territorial affairs.

As the Nation’s principal conservation a~<ency, the

Department of the :[nterior works to assure that nonrenewabl.c

resomces are developed and used wisely, that park and recrea-

tional resourcos are con~erved for the future , and that renewable

r~sources make their full. contribution to the progre~s, prosperity,

and security of’ the United States--now and in the future.
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1. INTRODUCTION

This report contains the results of an optimization study con-

ducLL+d iIl the general firld of design and economics of dual-purpose

wa~er desalination plan~s. Specifically the study concerned itself with

investigation of the following items:

A. Determination of the design and cost of dual-purpose saline water

conversion plan~s producing potable water at minimum cost and electric

power as a by-product. Wa~.er and power production costs were r.,letermi,ned,

for multistage Elash saline wa~er conversion planEs from 7,000,000 to

50,000,000 gallons-per-day capacity, in conjunction with electric power

generators driven by s~eam from nuclear reactors of 40-, 70-, 120- and

500-megawatt thermal [)OWer levels. Municipal financing rates were used

and brine heater temperatures of 250” F and 350[) F were considered.

Electric power was considered to be sold at production cost.

?3. Determination of the minimum cost of production of potable water

from sea water in a multistage flash evaporation plant, without by-

product power production, using a 40~MWt nuclear reactor as the energy

source.

c. Determination of the minimum cost 01 produc~ion of potable water

from sea water in multistage flash evaporation plants ranging from

1,000,000 tc~ 14,000,000 Xallons per day, wi~hout by-product power pro-

duction, usin; fossil fuel as the energy source. Fossil fuel costs of

20, 30 and (+O cents per million Btu were considered.

1



11. SUMFLARY

A. Water and Power Production Combinations

Initial calcula~ions of the s~eam available from the reac~or

p~ants in the sizes 40-j 70-, 120- and 500-~L and also the slcam

required for clesalinati~.)rlwaler, based on reasonable es[imates of per[or-

mancr ratios, indicated ~hat on].y cerlain combinations would be tech-

nically and economically [easible. Tile results (o[ ~t~rs< ca”lcu)ations

are shdwn in Figure 1. AS can br seen fr(om Figurti 1, cer~ain combin-

ations 0[ reactor [Iowcr levels ancl water production would not be possi.bl~.

For exanple, at a r~acl-ur power level of 12C mw, Lhc w:itcr production

capacity must he about 23,000,000 gallt-ms per day (mnlEpcl)or less.

UsinX this chart as a basis lilt following c(-)l;ll>ir~ati.~~~lswere selected

Lilt rcprescnLative of possible dual-purposp plants:

ReacLor Power Level Wa~vr Production

40 Mwt = 7 [m]~~d

70 Mwt = 1.2mmgpcl

120 Mwt = 20 mrngpd

500 Mwt 20 mm~pd

35 rnm~pd

50 Mmgpd

B. CompuLer ClpLimization

as

Since i~ was IIPC.PSSary to proc~ed with the ccmlpuEer runs simul-

taneously with the dcterminatic)n of power and steam costs, based on

the capital cost of the reac~or power plants being considered, sufficient

runs were made t.obracket ~he anticipated steam and power costs.

Specifically Lhe following sets of data were selected as the basis for

the computer optimization studies:

1. Brine heater exit temperatures - 250’ F and 350” F

2. Water production capacities - 1, 20 and 54-1/2 mmgpd

3. Steam costs - 20, 70 and 120 C/106 Btu.

4. Power costs - 3, 6-1/2 and 10 mill,s/kwhr

2
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The above conditions led LO 54 cases which were run on the computer.

Data for each of the 54 cases are given in Tables 1 through 4, pages 6, 7,

4i’ and 55 of this reporL. The computer output data was used as the

source for plotting sets of curves UI both water planL Lotal costs and

performance ratios as a function of water production. Using ~hese

curves and the power and steam costs that were determined from the

reactor and turbine plant designs, it.was possible to obtain LF,C optimum

water plant capital costs. In the water prOdUCtiOTl cases, t.hcrange

from 1 to 54-1/2 mmgpd was covered so that optimization could be obtained

for both nuclear reactor water desalination combination plal,ts in the 7 to

50 rrrmgpdrange and for fossil-fueled cmnbinaLion plants in ~he range

~ t’O14 rrrrrrgpd.

c. ResulLs

‘lhc results of the compu er runs, plant des gns, cost esLimates and

subsequent calculations are presented in Table 1, 250° F Brine Temperature,

and Table 2, 350° F Brine ‘1’emperaturc. For the nuclear costs in I’ables

1 and 2 the cost of the steam (or reaclor plant) was based on Lhe thermal.

output of the plant. Therefore, the various water and electric plant

sizes had no effect on the steam planL cost, except. in the 350’”’F brine

temperature cases, where an increased steam flow caused a decrease in

the cost per 1000 pounds of steam.

The LlrIiL costs increased as pl.a~ltsize decreased with the greaLest

increase coming in the plants under 100 MWt.

In fossil-fueled plants the boiler sizes were based on the water

plant size and the performance ratio. As the higher fuel cost dictated

a higher performance ratio, the boiler sizes decreased with the increased

fuel cost, although the water plant output was held constant. This

savings is not reflected in the unit cost of the steam but is evident

in the sleam COSL per 1000 gallons of product waLer.

‘f’hereis a rather large increase in unit costs as the water

production is decreased to 1 mnrgpd. This increase is mainly in the

operating and maintenance costs per 1000 pounds of steam, which more

4



than double in going from 7-mmgpd to the l-mmgpd plant.

The steam cost to the water desalination plant and turbine power

plant was based on the COSL per 1000 pounds for steam generation. This

cost and the weight flow of steam to the brine heater led to the steam

cost charged to the water plant. This value subtracted from the steam

generator costs gave the steam cast to the turbine plant. The unit cost

of the steam to the water plant was derived by multiplying the cost per

1000 pounds of steam at the steam generator by a ratio of enthalpy

differences. For the noncondensing turbine plants (Cases 4, 5, 6, 10,

11, 12, 13, 14 and fossil-fired plants), this ratio is the enthalpy of

the steam to the brine heater minus the enthalpy of the water from the

brjne heater over the enthalpy of the steam leaving the steam generator

minus the enthalpy of the steam entering the condenser. These ratios

varied from .85 to .95.

For the condensing turbines (Cases 1, 2, 3, 7, 8, 9), the ratio was

determined in the same

.68 for Cases 7, 8, 9.

The unit cost of

was equal to the gross

way and had a value of .80 for Cases 1, 2, 3, and

electricity was based on the net generation which

generation minus the auxiliary power required for

the steam and turbine plant.

The single-purpose nuclear plant (Case 13) was penalized about

5$/1000 gallons due to higher electric costs when compared with Case 6,

a nuclear dual-purpose plant which has the same thermal size and

approximate water output. The single-purpose fossil-fueled plant com-

parable with Case 13 is Case 16 -- 7.0 mmgpd, 40c/106 13tu, and no electric

power for sale. Case 16-C shows water unit costs 18.4c/1000 gallons less

than Case 13 with 5C/1000-gallons savings in steam costs and 10c/lOOO-

gallons savings in electric costs. However, if Case 16-C is compared with

Case 14 -- 350° F brine temperature, 8.6 mmgpd, no electric power generation

-- the difference is only 8.9c/1000 gallons, with most of the savings coming

in the water plant capital cost.

The fossil-iueled cases were not directly comparable with most of

the nuclear cases as the fossil-fueled plants were all single purpose.

5



However, where the dual-purpose nuclear reactor water outputs compared

with the output in the fossil-;ueled cases water costs did not differ

greatly. For example, examination of Cases 4 and 5, nuclear, and

Case 17, fossil-fueled, shows that all three are in the 65 to 75c/1000-

gallons range.

The data contained in Table 1 and in other tabulations included in

this report were used to prepare the series of curves presented in

Figures 2 to 10. The 250° F brine temperature was selected for illus-

tration since the results generally show only slight reductions in

water costs when the brine temperature is increased from 250” F to

350” F. The savings in steam and power costs are largely offset by

increases in water plant capital costs. In the main, cost differences

between 250” F and 350° F brine are too slight to be conclusive.

As was anticipated, the unit costs for producing desalinated

water in dual-purpose nuclear plants decreased as the reactor power

levels were increased from 40 to 500 MWt and fresh water production

levels were increased from 7,000,000 to 20,000,000 gallons per day

(mmgpd), However, at the 500-MWt reactor power level Lhere is little

change in the unit cost of water for a production range from 20 to 50

nmgpd . Figure 2 shows the variation in unit capital costs, in dollars

per gallon per day, of the water desalination plant as a function of

water production and with the associated reactor’ power level noted.

That unit capital costs rise sharply as water production is decreased

is demonstrated in Figure 2. However, what is also shown is that for

a given water production, savings can be effected by increasing the

reactor power level. For example, at a water production of 20 mmgpd

the unit capital costs can be decreased from $0.97 per gallon per day

to $0.76 per gallon per day (a savings of 21.6 percent)by increasing

the reactor power level from approximately 120 MWt to 500 MWt.

Figures 3 and 4 show steam and electric power cost, respectively,

as a function of reactor power level. The normally expecLed trend of

increasing unit costs with decreasing power levels is maintained in

8
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these curves, and the aclvanta~es of the larger reactor sizes are readily

apparenL. Figure 5 presenLs the unit costs of water as a function of

waLer production. Following the expected trend, the lowest water uniL

cost occurs aL ‘the 500-~t reactor power level and is fairly constant

at about 47 to 48c/10GO gallons for productions rangin~ from 20 to

35 mm;pd. The unit costs increased witt~ reduction in production and

reacLor power level until at Lhe 40-MWt level they more than doubled

(96q/1000 ;allons at 40 MWL. as compared to 47c/1000 gallons at 500 MWt).

Much 0[ Lk data in Table 1 and on Figures 2 to 5 is consolidated

and condensed on FiSure 6. Figure 6 is designed Lo permit estimates

to be made 0[ steam, capiLal, and operation and maintenance costs, and

total water unit costs, for combj.nations of reactor power level and

water production other than those specifically investigated for this

rcpor[ . The curves on Figure 6 are, of course, only valid for the

cost bases used in this report, i.e., a PWR reactor and a flash evapor-

ation water desalination plant using concrete structures to contain the

condenser tube bundles. Nevertheless, these curves should prove useful

in obtaining quick c~rder-of-magnitucle costs.

For the fossil-fueled plants steam, electric power and water unit

costs are presented in Figures 7 to 9. No unusual trends are revealed

in ~hcse figures. As would bc expected, water unit COSLS are increased

as fuel costs are raised, the increase in water costs varyinE from about

10C/10~0 Kallons at 1 mmgpd Lo .20Q/1000 gallons at 14 mmgpd as the

fuel (ga’s) goes from 20C/million Btu to 40C/million BLu.

Figure 10 shows the boiler power levels required Lo achieve water

productions up to 2G mmgpd in single-purpose desalination plants. Fuel

costs are included as a partamet.er.

12
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111. DISCUSSION

1-i. Selection of Reactor Type and Steam Conditions

In this s<udy only boiling- and pressurized-water reactors were

initially considered because of their proven capabilities. The appli-

cation of a boiling-water reactor as a heat source for water desalin-

ation requires an indirect cycle to generate steam for the desalination

portion of the plant. This is necessary to prevent potential radio-

active contamination of product water by leakage in the brine. heater.

Since there is insufficient present design background on steam cycle

conditions for such a plant (Elk River has fossil-fuel superheat) and

time did not permit an optimization for these conditions, the boiling-

water reactor was dropped from further consideration. This was not

intended to reflect on the capabilities of such a reactor for this

type of service; the boiling-water reactor system was ruled out primarily

because of the lack of easily available steam cycle data. It is

believed that the boiling- and pressurized-water reactors would prove

to be competitive in a more extensive study.

A review, summarizedon page 20, was made of secondary system con-

ditions o.f pressurized-water reactors (shown schematically on Figure 11).

The data on the SELITI plant was added after selection of system conditions.

Although this plant is located in Europe, it was designed by a United

States firm and is nearly complete~ with criticality due in February,

1964. In selecting steam conditions it was felt that data indicative

01 present practice with operating pressurized-water reactors would be

more meaningful. This eliminated consideration of the higher values

projected for Consolidated Edison’s proposed Ravenswood nuclear power

plant in Queens, New York City. The 500-psia steam pressure selected

falls within the spread shown in Table 1 and is close to the pressure

for Yankee, the most efficient plant listed. As with all the cases

tabulated, the steam is saturated (467° F). Since the steam pressure

19



SECONDARY SYSTEM CONDI’1’IONS

PRESSIJRIZED-WATER REACTORS

PLANT

Saxton

Shippin;porL - (lore I

Yankee

sh~~~>~llgpOrt - Core II

Indian PoinL

SELN1

R,avenswood

Reactor

Power

Level,

~L

20

485

505

585

825

2030

S[cam

Pl:L,s-

sure,

psia

60[)

600

467

600

420

50C

700

SLeam

‘l’f3mper-

ature

“F

486

486

460

486

449

467

503

250

315

335

332

435

SLcaIm

F 1OW

lb/hr

6.9 x 104

8.6 x 105

1.s4 x 106

1.94 x 106

2;2 x 10’

3.15 x 106

8.8 X lf

AH data cxcrpL Ravenswood [rem lAliA “Directory of Nuclear Reactors,”

Vo”l. Iv’. Ravenswood data from “~~omics,r’ Fcl)rtl:lry, l.~fj~. Fur plants

with separately tired superheaters lk power ]eyels and steam con-

dil.ions are those altainab].e wi~huut the superheaters.
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FIGURE 11

PARAMETRIC COST STUDIES

PRESSURIZED-WATER REACTOR

TYPICAL FLOW DIAGRAM - PRIMARY SYSTEM

PRESSURIZER

r

+ STEAM

I

\

REACTOR

PRIMARY

SYSTEM

500 PSIA
467 ‘F

SECONDARY

SYSTEM

_ FEEDWATER
350 ‘F

PRIMARY PUMP
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and temperature chosen are sligh[ly higher thaIl for Yankee, the temper-

ature of the feedwater to the steam generators was adjusted accordingly

to 350° F, this again being slightly hi=her than [hat used at the

Yankee power reactor. The conditions obtained from Lhis reasoning

.appear to be verified by Lhose listed for SELNI which is Lhe.most recent

planL beyond proposal sta~e.

B. Nuclear Island Capital Costs——

The nuclear island, as referred to in this report, consists of

all facilities associated with steam generation. It includes equip-

ment items such as th~’ reactor, the primary system and auxiliary

nuclear systems as WCII as archit-rcL -engineer items such as the con-

tainment vessel, spent fuel building and reactor auxiliary buildin~.

Data used as a basis for Lhese costs are plotted in .Figure A-1. This

figure shows nuclear island and total plant curves for power sL’aLions

as a function of, reactor thermal rating. Although the curves on total

plant costs are not applicable to this study, they provide a basis for

judging the reliability of the nuclear island costs. As indicated by

Lhe legend, Lhe nuclear island capital costs were obtained from, or

based on, data supplied by reacL.or manufacturers. They include all

COSE items which the purchaser would pay to the reactor vendor for Lhe

complete packa~e. This includes indirect. costs, such as engineering,

which are paid by the vendor. Not included is interest durin~ con-

st.rucLion, the common facilities costs allocated LO the nuclear island,

or land costs which are accounted for in the determination of unit costs.

The total plant cost curves based on TID-8533 and the AEC Reporl

to the PresidenL are useful [or indicating trends and relative values.

They are not likely 10 be as reliable as the total planl costs fur-

nished by General Electric. which are based on current firm price

quotations. This curve in turn provided a basis for ~VL!lUatiIlg the

nuclear island capital cast curves. Since iL is unlikely that the

nuclear island capital cost could exceed the total plant cost, the

curve based on the Allis-Chalmers data was selected as the mosL valid.

This is shown on Figure 12.

22
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It should be noled that, although the costs are based on a boiling-

water reactor design, i[ is felt they apply equally to pressurized-water

desi~ns, because of the present highly competitive costs for the two

designs.

Capital costs for the nuclear steam Generation plants of Cases 13

and 1~+were no~ obtained from the curve on Figure 12. A PWR-type

nuclear process steam plant such as would be provided for a single-

purpose (no electricity for sale) drsalinat.ion plant would be designed

to operate at lower pressures than a comparable plant for electricity

generation. Therefore, the capital investment required for the Cases

13 and 14 single-purpose nuclear plants was estimated on the assumption

that the design would be similar to the PWR plant described in ANL-6009

“Study of 40 ~ Pressurized Water, Boiling Water and organic Moderated

Reactors for Production of Process Steam.”

c. Fuel Costs

Fuel costs used as a basis for determining the cost relation for

this study are plotted in Figure A-2. The General ElecLric costs were

considered the most reliable, because they are based on current fixed

price bids. A curve drawn through these points to obtain an extrapolation

at lower power levels must follow the same trend as the other curves.

This requirement was met by drawin~ the final curve to include the data

supplied by Allis-Chalmers. The resulting curve, which appears as a

solid line, is repeated as Figure 13.

D. Operation, Maintenance and Insurance Costs

Operation and maintenance costs were determined from data in Section

530 of TID-7025, “Nuclear Power Plants Cost Evaluation Handbook.”

Figure 530-2 in this handbook shows a curve of total labor and fringe

benefits, maintenance materials and operating supplies for all plants as

a function of plant electrical rating. Using an efficiency of 30 per-

cent this curve was replotted as a function of plant thermal rating to

obtain the curve in Figure 14 for ttital annual operating and maintenance

costs. Since the largest part of these costs results from labor and

fringe benefits, the division of costs between the reactor and turbine
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plant was prorated on the basis of the labor char;ed to each. The

labor and fringe-benefit costs were calculated Irom personnel require-

ments and salaries given in TID-7025. Operating costs for personnel

such as nuclear engineers were c}larged to the reac(.or plant, while

~usts for pers~>nnel such as turbine operators were chiar[;eclto Lhe tur-

bine plant. Labor costs aLLributable to personnel likely to work i~l

either p“lanL were divided equally between the reacLor and the turbine

plant.

Subtraction of the labor and fringe-benefiL costs from Lhe total

operating and mai.ntenancc costs resulted in the curve for total cost of

TTl~intL\IIaIICematerialS and (lperatillg Supp],ies shown itl lJigLIre15. The

distribution of this cost bcLween turbine and reactor plant was made

on Lhe same basis as for the case of ~he operating and maintenance

costs already discussed.

Operation and maintenance costs for Lhe fossil-fueled plants

are shown on FiSure 16.

The required financial protection for liability was calculat~d

on Lhe basis of 10 CFR 1,40 for population factors of 1.0 and 2.0.

These rc+quirernents are plotted in Figure 17. The application of

10 CFR 140 leads to an inconsistency cvident]y clue L.O the fact that

dual-purpose reactors, such as those considered here, were no~ con-

templated. However> it is fc].1 that the intention was for Lhc curves

to be based on a .25 per-cent cycle efficiency. Applying the graduated

premium scale on Fi~ure 18 to the curves for the requir~d financial

protection gave the curves in this figure for the private premium, The

premium paid Lo the government was added to this ~c (obLain the curves

for the total premium. In the evaluation of unit COSIS, a population

facLor of 1.0 was used because this is the basis sug~estcd by the COSL

evaluation ground rules in Section 110 of TID-7025.

E. Turbine Plant

1. Choice of Cvcles and I[eat Balances

For all cases, cycle selection and heat balance ca],culations

were based on simultaneous operation of both the desalination and

27
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electric generating plants at design conditions. Separate operaLion of

turbine generators at design conditions with partial or zero water

production and simultaneous operation of both plants at partial loads

were not considered. Auxiliary power requirements are shown on Figure 19.

Although heat balances presented herein were based on the

best available data, they are intended for study and cost estimating

purposes only, The procedures used and the results of this study were

based on determining the relative differentials between the various

alternative cases. Additional detail investigation would be required

for final design performance and data.

a. Nuclear Plants

Based on reactor thermal ratings, sLeam conditions

and feedwater temperatures discussed in Subsection A, preceding, tur-

bine cycles were selected to efficiently utilize all steam which was

not required by the desalination plant. The resultant cycles for

nuclear dual-purpose plants are shown on individual heat balances for

Cases 1 through 12 (Figures 20 to 31).

Heat balances have not been included for the single-

purpose nuclear plants, Cases 13 and 14, due to their simplicity and

similarity to many other heat balances which are .i,ncluded. In accordance

with study criteria, both cases utilized reactors rated at 40 MWt.

Case 13 was based on electric generation sufficient to provide total

demands for both the desalination and turbine generator plants, whereas

Case 14 was based on no electric generation and the reactor supplied

steam to the desalination plant only. This resulted from the unique

selection of the reactor complex for these cases which limited the

steam from the complex to a maximum of 195.8 psia saturated. Hence,

for Case 14 with 160-psia steam required at the brine heater, utili-

zation of a noncondensing turbine was not feasible and use of a condensing

tu’rbine was noL considered justified due to the limited electric gener-

ation required. The cycle arrangement for Cases 13 and 14 is similar

LO the single-purpose fossil-fuel cases, excepL Case 14 did not include
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PARAMETRIC COST STUDIES FIGURE 19
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.

POWER REQUIREMENTS FOR WATER DESALINATION PLANTS

@ OSW 1962 REPORT
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a Lurbine generator. The following conditions were used for each case:

Case No. 13 14

Steam Pressure from Reactor Complex - psia (saturated) 195.8 160

Feedwater Temperature to Reactor Complex - “F 273.1 363

Table 3 summarizes performance data for all nuclear

plants studied, Cases 1 through 14.

Turbines selected for Cases 1, 2, 3, 7, 8 and 9 utilize

subatmcspheric or condensing exhaus[ sections since the steam produced

by the 500-MWt reactor plants exceeds the steam required [or 50-, 35-

and 2&mi].lion-&allons-per-day water production. This excess steam is

utilized in the low-pressure turbine sections for electric generation.

Estimated performance for condensing turbines was based on use of

moisture-extracting buckets togeLher with an external moisture separator

(1,2):*
in order to control internal turbine moisture to reasonable levels.

The remaining cases, which are shown in Figures 32

through 37 and incorp{nrate turbine generators, were based on ncmcon-

densing units with tbc cntj.re turbine exhaust flow used for water

conversion. Turbine performance for noncondensing units was based on

(3,4)
manufacturers ‘ published handbook data.

Heat balance calculations were based on an estimated

performance ratio for each specific case. Following determination of

unit costs, thr. calculated performance ratio for the optimized desalin-

ation plant was obtained by ~.nterpolation from the computer program

results and compared to the initially estimated performance ratio.

Several iterations were required for both cycle performance and unit

costs determinations in order to obtain favorable agreement between

estimated and calculated performance ratios.

Table 3 presents both the calculated performance ratio

and the initially assumed performance ratio for each nuclear case studied.

Comparison of these two items indicates good agreement for all cases with

a maximum deviation of 0.9 for Case 3.

.~ Superscript numbers denote references listed in the Appendix.
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A third performance ratio identified as “Actual

Performance Ratio” is also reported on Table 3. This item is based

on calculated steam conditions at the brine heater , whereas the pre-

viously discussed performance ratios are based on saturated steam at

the brine heater. These parameters are discussed in detail in the

section on computer runs.

b. Fossil-Fuel Plants

Selection of cycle conditions for fossil-fuel plants

was based on the required water production of 1, 7 and 14 million

gallons per day and an evaluation of major equipment costs. All cases

were based on electric generation sufficient to supply the demands of

both the desalination and steam-turbine planrs. By-product electric

generation was not considered.

The calculating procedure described above for nuclear

plants was used for determining cycle performance and sizing major

equipment. In addition, separate calculations were performed for 20,

30 and 40 cents per million BLU fuel costs for each of the six cases

siudied.

All fossil-fuel cases utilize gas-fired boilers producin~

saturated steam, and noncondensing turbine generators with the entire

turbine exhaust flow used for water conversion. Cases 15 and 18 pro-

duce 1,000,000 gallons of water per day and utilize package boilers

with an estimated efficiency of 76 percent. The remaining cases were

based on standard boilers employing air heaters with an estimated

efficiency of 80 percent.

Table 4 summarizes performance data and results at

20, 30 and 40 cents per million Btu fuel costs for each of the six

fossil-fuel cases. For each case and fuel cost, three performance

ratios in accordance with the preceding definitions have been tabulated.

Comparison of the calculated performance ratios and the initially

estimated performances ratios which formed the basis of all costs

estimates and performance indicates good agreement with a maximum
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—

deviation of 0.3 for Case 15.

Heat balances are included for the six fossil-fuel

cases based on 30 cents per million Btu fuel cost.

c.. Auxiliary Power

Detailed analysis of electric power demands for the

various desalination and nuclear plants were not performed.

Based on Bechtel ’s Study
(5)

the following power

demands were all.ocaLed LO Lhe desalination plants:

Brine Temperature - “1? KW per Million

Gallon Production

250 275

350 245

Additional investigation of several published studies

resulted in the daLa shown on Figure 19 and reasonably substantiates

the above parameters.

Auxiliary power demands for the dual-purpose reactors

(6)
are based on data cm page 21 of Henly & Kouts. According to this

reference the PWR requires 9 percent of the generated output, of which

2 percent is for feedwater pumps which are in the turbine cycle.

Applying an efficiency of 30 percent to the remaining 7 percent results

in auxiliary requirements which are 2.1 percent of the reactor thermal

rating. For this study the value was rounded off to 2.0 percent. The

process reactors considered for Cases 13 and 14 have lower velocities

in the primary system and hence lower pumping and auxiliary power

requirements. Those used here were obtained by evaluating data in

(7)
report SL-1767. The resulting electric power demands used for the

various nuclear reactor plants are:

Reactor Rating MWt Reactor Auxiliary Power KW

500 10,000

120 2,400

70 1,400

40 800

40 (Process Reactor)

(Cases 13 and 14) 100
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Auxiliary power required for each turbine cycle was

based on the summation of toLal calculated pumping power indicated on

the heat balance for each case and an allowance of 5 percent for

miscellaneous consumption.

Table 3 summarizes gross generator output, auxiliary

power required for the desalination and reactor-turbine plants, total

auxiliary power demands and neL electric power available for sale for

each nuclear case.

Auxiliary power requirements for each fossil-fuel

case were based on the summation of calculated boiler feed pump and an

assumed allowance for boiler electric power demands. Gross generator

output and desalination plant auxiliary power are stated on Table 4

for all fossil-fuel cases.

d. Cost Estimates

(1) Pumping Cost for Saline Water

Inasmuch as no particular site was specified

for this study, common factors based on our existing water pumpin~

installations were used and appli~d to all phases as noted in Table 5.

Where condensing turbines were used the circulating water costs were

included in the turbogenerator account, No. 323, and the effluent from

the condensers was used as input to the water desalination plant. Under

this procedure Lhe cost of sea water feed was lower than for direct

pumping from the sea. If necessary, any additional water was pumped

directly from the sea.

The unit pumping costs used in Table 5 were

developed as follows:

Unit Cost for Sea Water Supply

Item

Pumps (vertical - axial flow)

Motors - use 20 psi head then hp = .014 gpm

for motors use 40/hp complete

Intake Structure including

Screens, Wash Pumps use $2.00

For Discharge Structure add $1.00 1
Piping

Basic Unit Price for Salt Water Supply

$/GPM

1.25

.56

3.00

3.19

8.00 57



TABLE 5

CAPITAL
PAFMMETRIC COST STUDIES
COSTS FOR PUMPING INSTALLATIONS

Case

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

(A, B, C)

(f B, c)

17
(A, B, C)

18

19

20

product

Water

MGPD

50.0

35.0

20.0

19.6

11.6

7.0

50.0

35.0

20.0

25.3

14.3

7.8

7.6

8.6

1.0

7.0

14,0

1.0

7.0

14.0

Total Sea
Water

Required

GPM

84,000

58,900

33,600

33,000

19,600

11,800

84,000

58,900

33,600

42,600

24,100

13,200

12,800

14,500

1,700

11,800

23,600

1,700

11,800

23,600

Water From

Turbogenerator

Plant Condenser
GPc4

39,700

74,800

111,300

50,600

86,700

114,100

Remaining Water

To Be Supplied
From Sea

GPM

44,300

33,000

19,600

11,800

33,400

42,600

24,100

13,200

12,800

14,500

1,700

11,800

23,600

Estimated Capital

cost* of
Pumping System

Dollars

493,400

206,200

117,600

264,000

156,800

94,400

444,300

206,200

117,600

340,800

192,800

105,600

102,400

116,000

13,600

94,400

188,800

13,600

94,400

188,800

A Based on $8.00/GPM for sea water pumps and $3.50/GPM for circulating pumps.

See page 57 for breakdown.

58



Unit Cost for Reuse of Conclenscr Water

Item $/GPM

Pumps (centrifugal) .75

Motors .56

Slruetures, Cut-ins, etc. .54

Piping (shorter runs) 1.65

Total Unit Price for Condenser Reclaimed Water 3.50

(2) Turbop,eneratnr Costs

Again since no site selection was made it was

presumed that the plants would be oriented toward the source of sea

water, and in the common site facilities such items as fences, roads,

railroads and miscellaneous buildings were estimated on this basis.

These costs were calculated based on the overall size of a combined

plant and distributed equitably among nuclear, power and water portions

of the overall plant as listed in Table 6.

Contact was made with turbine vendors in order

to determine as closely as possible the basic cost of specific turbines.

Other items were based on cost data from our files, coupled with the

use of standard units such as dollars per kw, dollars per square foot, etc.

(3) Markups

This item indicates the required cost for design

and engineering of the Lurbogenerator facility only, including field

supervision, construction management, interest during construction and

contingency. These factors vary based on our history of past and present

construction costs with the exception of a contingency which in all

cases was included at 10 percent.

The resulting cost figures are shown in Tables 7

and 8.

F. Desalination Plant

1, Description

The desal

13echtel (*esig~{5) and

nation plants in Ll~.isstudy arc. sj.mi ar to the

utilize multista~e flash evaporation for sea water
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purification. Principal equipment associated with the water plant

includes the evaporators, brine heaters, air ejectors, condensers and

associated pumps.

Evaporator shells are constructed of concrete for brine temperatures

up Lo 250” F; steel shells are used for brine temperatures above 250° 1?.

The use of concrete shells provides a considerable savings in cost over

the use of steel shells.

Sea water intake is screentid for removal of

The intake is periodically injected with chlorine

growth of al~oc, barnacles and other marine life.

with sulfuric acid to clecompose carbonates before

trash and fine debris.

gas to prevent the

Feedwater is Lreated

the water besins

circulating in the condenser and brine heater system.

FollowinS acidification, Lhe feed is degasified in an open atmos-

pheric tank. This partially removes COg resulting from acidification,

and reduces the load on the evaporator

then flows through the condenser tubes

which for all size plants are the two

passing through the condenser tubes it

L

ejector system. The feedwater

in the heat rejection stages,

owest pressure stages. After

is deaerated and mixed with the

recycle brine leaving the last heat rejection stage.

The combined feed and brine is picked up by the recycle and

blowdown pumps. The recycle pumps discharge recycle brine into the

condensers of the heat recovery section where the stream recovers heat

from condensation of the product. water. The blowclown pumps discharge

spent brine to a waste water channel for release to the sea.

The recycle brine flows through the heaL recovery stages and

discharges from the highest pressure stage. The recycle brine is then

heated to the first stage operating ~emperature by condensing steam in

the brine heaters, which are shell-and-tube-type heaL exchatl~ers. The

hot recycle brine then flows into the first. stage of the evaporator to

begin a series of flashings. The brine flashes through stages of suc-

cessively lower pressure in the heat recovery section Lo the heat

rejection section.
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Accumulations of noncvndensible gasses are drawn from every sub-

atmospheric stage through a steam ejector system. Pressure stages are

vented to the atmosphere as required.

The product water is collected in an open stream within the

evaporators. It is arranged to flash from stage to stag~ as a means of

recovering sensible heat. It is finally pumped through sea water coolers

for delivery as required.

The overall flow for the water plant is shown schematically in

Figure 38.

2. Computer Runs

a. Cases Considered

Computer optimization of the desalination plant was

performed primarily to determine capital costs and steam requirements

for the optimized plants. The parametric study covered the following

sets of conditions:

Brine heater exit temperature - 250 and 350° F

Water production capacity - 1,20 and 54.5 mmgpd

Steam cost - 20,70 and 120c/1000 lb

Power cost - 3,6.5 and 10 mills/kwhr

The cost of steam and power for a particular water

plant depends upon the design of the associated reactor and turbine plants,

Since the design of these plants proceeded simultaneously with the com-

puter optimization, exact values for the cost of steam and power were

not known at the time of the computer runs. Therefore, the steam and

power costs listed above were selected to provide a range which was

designed to cover subsequently calculated values.

Th~ three water production rates used in the computer

runs cover the required range of 1 to 50 mmgpd. While the upper limit

on production rate has been set at 50 mmgpd, preliminary heat balance

studies indicaLed that a .50-MWt reactor plant could supply sufficient

steam to produce 54.5 mmgpd. Therefore, this was used as the upper limit

on water production in the computer runs.
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Runs were per[ormi:d at- hri.ne heater exit temperatures

of 250” F and 350° F. A LoLal of 54 computer runs were made to cover

all ccnnbinat.iiunsof the four items listed above. These Constitute the

basic independent parameters for each case. Table 9 lisLs Lhu produc~ion

rate, power COSL, steam COSL and brine hea~er brine t+xi~ temperature for

each computer run.

b. Conditions Used

The optimization of the desalination plant was performed

on an IBM 7090 using the computer program developed by the l~echtel (;(~l-l>.
(5)

Table 10 lists those items of input which are ctonstant for all runs.

Sea water temperature is fixed by the desij+n criteria. Thr conccntratitoln

ra~io was choscri as 1.7, since lhe cost: oi water j.sminimal and is

~ss~n[i~lly inclepcndenL uf small vari.iqtions in brine collcentrati(on in this

range. All other data shown in Table 10 are reasonable rs~imatcs basc(l

in p<art on Reference (5) .

Table 11 lis~s those items of input which vary fr(onl

run t.orun. A sLeam pressure of 45 psia (274.4” F saLuraEi.(:)n tempera[:ure)

has been selected for all cases with a brine heater tcmpcra~ure (of 250” !?;

a s~-.eam pressure of 160 psia (363.5” F saturation tcmpcra~ure) has bGL\n

chosel] fur a brine hea~.er Lemperal:.urc o[ 350° F, Whj Ii+ aT) 0,D~i173iZ~t.i(JIl

of s~eam tempcra~ure could bc Made bas cd UP(7I1 Lhr COSLS 0[ s[eam, powdr

and brine hearer surface, it was felt that the pressures chosen represcn~

reasonable values [or t-he purposes 01 Lhis study.

The condenser tube lengths and surfarc and rquipmrnt

costs listed flLII‘l~able 11 arc based upon preli.millary Siziug uf Lhe cor

clensers and brine heaters.

and insulation, lining and

vessel custs.

3. Computer Re.+ulLs

A complct.e seL.

the office 0[ Saline Water

Items sLIc.h as inLernal pipin~ and bafflLIs,

paint are included in the c(oncrcte and SLL:LI1

of cornpu~kr out.puL da~-a has bE?eTl SUhIittFd tLl

anc1, Lherefore, is TIO~ reproduced in this



PARAMETRIC COST STUDIES TABLE 9——T...—

COMBINATIONS OF INDEPENDENT PARAMETERS FOP, COMPUTER RLINS

1
2

1
3

70
250

12

—.

Run No.

T
34

1 1
33

120 20
250 350

13 14

1 1.
10 10

20 70

250 250

T
56

1 1
33

70 120

350 350

1
—.

1.

3
20

250

10

1
6.5
20

350

20

20
3
70

250

Production Kate, mmgpd
Power Cost, mills/kwhr

Steam Cost, C/1000 lb
Brine Heater Temperature, ‘F

1

6.5
20

250

1
6.5

70
250

1
6.5
12(1
250

I 1

Run No.

T
15 16

11
10 10

120 20

250 350

(

1
10
70

350

1
10

120

350

20

3
20

250

production Rate, mmgpd
Power Cost, mills/kwhr
Steam Cost, $/1000 lb

Brine Heater Temperature, “1?

1
6.5

70
350

1
6.5
120

350

It
27 28 29

20 20 20

6.5 6.5 6,5

120 20 70
250 350 350

21

20

3
120

250

:

23 24

20 20

33

70 120

350 350

33 34

20 20
10 10

120 20
250, 350

t

25 26

20 20
6.5 6.5

20 i’o
250 250

Run No.

production Ratej mmgpcl

Power Cost, millslkwhr

Steam Cost, c/1000 lb
Brine Heater Temperature, “F

22

20

3
20

350

30

20
6.5
120

3.50

31

20
10
20

250

32

20

10
70

250

42

+

35 36

20 20
10 10
70 120

350 350

45 46
—

j4.5 54.5
6.5 6.5
120 20

250 350

H
37 38 39

i4.5 54.5 54.5
333

20 70 120
250 250 250

40

54.5
3

20
350

Run No.

production Rate, mmgpd

Power Cost, mills/kwhr

Steam Cost, c/1000 lb
Brine Heater Temperature, “F

4-43 44
.-

54.5 54.5

+

6.5 6.5
20 70

250 250

53 54

54.5 54.5
10 10
70 120

350 350

41 47 48 49 50Run No.

production Rate, mmgpd
Power Cost, mills/kwhr

Steam Cost, c/1000 lb
Brin@ Heater Temperature, “F

54.5
3
70

350

54.5
3

120

350

j4.5
6.5
70

350

54.5
6.5
120

350

5L.5
10

20

25C
I

54.5
10
70

250

Run No. 51 52

54.5
10
20

350

production Rate, mmgpd
Power Cost, mills/kwhr
Steam Cost, c/1000 lb
Brine Heater Temperature, ‘F

54.5
10

120

250
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PARAMETRIC COST STUDIES TABLE 10

INPUT DATA - CONSTANT FOR ALL RUNS

ITEM

Problem Identification

Production Rate, Ih/hr
Brine Heater Temp., ‘F
Sea Water Temp., ‘F

Concentration Ratio
Recycle Ratio
Initial TTD, ‘F

Steam Pressure, psia
Initial No. of Stages

Condenser Tube O.D., in.
Condenser Tube thickness, in.
Condenser Tube length, ft
Brine Heater Tube O.D., in
Brine Heater Tube O.D., thickness, in
Recycle Brine Velocity, ft/ sec

Recycle Brine Flow, ft3/secj
Cold Fouling Factor, hr-ft -°F/Btu
Hot Fouling Factor, hr-ft2-Ol?/Btu
AP Headers, ft of brine
Tubes/Bundle vertically

Minimum TTD, ‘F
Maximum TTD, ‘F
Initial Adjustment Increment, ‘F
Error Limit on Optimization

Minimum No. of Stages
Maximum No. of Stages
Initial Adjustment No. of Stages

Run No.
Steam Cost, $/1000 lb

Power Cost, ~/kwhr
Condenser Surface Cost, $/ft2
Brine Heater Surface Cost $/ft2
Concrete Vessel Cost, $/stage
Pump ’Cost $/brake hp
Steel Vessel Cost, $/stage

Identification for Econ~mi~
Summary

CARI)NO

1

2

3

4

5

6

7

COLUMN

1-72

1-10
11-20
21-30

31-40

41-50
51-60

61-70
71-72

1-1o

11-20
21-30

31-40
41-50
51-60

1-1o
11-20

21-30
31-40
41-45

1-10
11-20
21-30

31-40
41-45

46-50
51-55

1-9
10-18

19-27
28-36

37-45
46-54
55-63

64-72

1-72

INPIJT

Burns and Roe - Saline Water
Conversion - Parametric Study

65.0
1.7
6.5

4.0

30

1.0
0.049

1.0
0.049
7.0

5.0
0.0005
0.0010
4.0
16

2.0
7.0
0.5

10
60
5

85.00

\urns and Roe - Saline Water
;onversion - Parametric Study

———



PARAMETRIC COST STUDIES

VARIABLE INPUT DATA

Run No. 1-54

Steam Cost, $/1000 lb ,20, .70, and 1.20

Power Cost, $/kwhr .0030, .0065 and .0100

Brine Heater Temp. , “F 250 350

Steam Pressure, psia 45 160

—

Production Rate, lb/hr

Condenser Tube Length, ft

Error Limit on Optimization

Condenser Surface Cost, $/ft2

Brine Heater Surface Cost, $/fL2

Concrete Vessel Cost, $/stage

Steel Vessel Cost, $/stage

1 MMGPT)

347,260

10

.80

6.50

12.20

15,000

56,000

TABLE 11

20 I
.09

30

.06

3.10 I 2.35

5.80 I 4.40 I
86,000 190,000

320,000 720,000
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PAWiMETRIC COST STUDIES

SUT@lARY OF ECONOMIC DATA FOR OF’HMUN WATER

PUNTS FROM REPRESENTATIVE COMPUTER RUNS

Structure Total Steam Cost Power Cost Capital Total Cost

~omputer No. Of TTD cost Capital Cost 30 years 30 years Cost, 30 years 30 years

Run No. Stages OF ?M $ MM$ MM $ MM s Pm $ j~~ +

7 21 6.1 0,12 0.65 2.0 0.10 1.4 3.52

8 37 3.2 0.22 1.16 4.2 0.15 2.6 6.88

9 50 2.6 0,34 1,50 5.8 0.24 3.4 9.62

10 22 7,0 0.46 0,85 1.8 0.05 1.9 3.74

11 31 3.9 0.64 1.27 4.4 0.05 2.9 7.26

12 44 3.0 0.92 1.76 5.8 0.07 4.0 9.75

25 36 4.8 1.26 8.68 28.1 1.41 19.1 48.59

27 60 2.1 2.33 18.29 101 4 1.32 40.4 143.05

28 30 6.0 3.62 8.79 29.2 0.40 19.3 48.97

29 60 3.1 7.25 17.17 59.0 0.81 37,9 97.61

43 49 6.0 3.96 23.32 76.2 1.27 51.2 128.80

44 60 3.5 4.73 38.39 194.8 0.71 84.5 280.11

45 60 3.0 4,73 44.59 315.1 0.50 98.3 413,89

47 60 4.0 15.33 43.58 176.9 0.25 96,0 273,26

48 60 3.5 15.33 48.07 290.5 0.19 106.0 396.65

.



for the opLimulm plant in representative compu Ler runs.

Si~]ce capital .~(o~Lq ~~r~ f~~nd to be PSSCll~i~lly indepe~ldent

0[ power cost in the ran~c considered, Table 12 summariz~’s Lhe oulput f’or

a power cost of 6.5 mills/kwhr unly. Tile results are comparable Ior

[)ower costs of 3 and “1.0mills/kwhr. RUIIS 26 and 30 arc olmittcd [row the

tabul.atimn since conver~enre was Tl(.)~.(obtained bccau.sc+ lhe number of

stages in the aptimum planL for Lllese runs exceeded Lhe maxiInunl,as

spcci!ii.cd in (]”IE?input data (Runs 24, 32 and 3fI at. o~her power costs

likewise fai”Lcd LrI CL311VCrgC). RUI1 46 is also omitted becaus~ the results

were invalid due to an error in prc.paraLion OK data cards.

Subsequent to the computer runs, it was [ouTlclthat overly

lIiEh cost estimates were used for the concrete structures. Therefore,

for all cases, L.he cost 0[ concrete structures as [;ive~]by the computer

ouLpuL was reduced by an aTTIC)UIltwhich is a funcLion of the production

rate. Figure 39 shows Lhe concrcLe vessel. cost as a funcLi.on of pro-

duction rate as used in the computer runs and as corrected. It has been

assumed that correcting the sL.rucLure cost subsequent L.o l.he computer

runs does not affect the optimum number of sLages or terminal temperature

difference in any run.

The values in Table 12 in the column hearled “Total Capilal

cost” are corrected costs as discussed above” and, therefore, differ

from Lhe actual computer output. This correction is also incorporated

in the data in the columns listing 30-year capital cost and 30-year

total cost..

4. CapiLal Cost Curves

The corrected costs of princj.pal itrms of equipment are.

plotted as functions of producLiun rate in FiSures 40 and 41. Data for

these curves are taken from Table 12, UTlder the column headed “Total

Capi.lal Cost.”

Separate plots have been made [or ~5U0 F atld 35[)” F briIle

hc.atcr Lcrnperat.ures, wirh s~.e{amcost as a parameter. No appreciable

variation in c.c~stwss found at Lhc (hrcc: powr.r costs considered; Lhere-

iore, the plots represent avera~e values over the ranEe Lot .3-LO/mi”LLs/kwhr,
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FIGURE 39

PARAMETRIC COST STUDIES

COST OF CONCRETE STAGES
FLASH EVAPOWTION DESALINATION PLANT

WATER PRODUCTION - MMGPD
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PARAMETRIC COST STUDIES l?IGUKE 40

STEAM COST, CE_NT5/1000 LB



A PARAliETRIc COST STUDIES FIGURE 41.



‘l’hecapital costs given in the computer output are variable

capital costs and do not include some fixed costs which are constant

for all runs. The curves plotted from the computer output have been

used to dcLcrmine actual capiLal costs, hot}] variable and fixed, as

dl.s:usscd elsewhere in this rcporL.

5. J?erformancr RaLio Curves

Performance ratio for the optimum designs has been p~ollcd

as ,s [unction of product.i.on rate, with sLetam cost as a parameter. TIIL’SC

plots appear as Figures 4’2 throuHh 44, for 2S0” F and 350° F brine heater

temperature, with separat< curves fur power costs of 3, 6.5 and 10 m i1.1s/

kwhr.

The cumpu~er program assumes sat,uratecl steam ent.erinx Lhr

brine heaters wilh saLuratec~ liquid lcaviTlg, and Lhc. p~’rformancc ralio

is b{ased IIpOIIthese conditions. If wet steam is fed to th~! brine

he~ters the actual performatlce raLio will be decreased, sinr.c more steam

will be required to supply the same quantity of hear. Howeverj a.si.de

from performance ratio, the steam quality will noL affect lhc desalin-

ation plant.

6. Cross Plots

The performance ratio curves plotted as a [:UnCtiOn of pro-

duction rale have+ been used to prepare cross plots of these variables

as a funcr.ion of sLeam cost. Figures 45 through 52 give the performance

ratio as a function of steam cost with separate curves for 250<”’F and

350° F brine heater temperature.

Since the cost of power affected the performance ratio LO

some extent, the curves for performance ratio are plotted wi[.h power COSL

as a parameter.

G. UniL Cost Cal.culat-ions.-..—

Unit costs of steam, electricity and water were determined [or each

optimum set of design parameters selected by the compuL~+r program. These

costs have been developed generally by following standard proceciurcs set.

up by the Atomic Ener&y Commission for power plant cva]uation and by the

75



PAK&lETRIC COST STUDIES l?lGURE 42
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Office of Saline Water for desalination plant studies. The standard

procedures h~ve been modified, where necessary, to place bor.h power and

desalination plants on the same basis. Deviations from the assumptions

implicit in the standard procedures have also been introduced where more

exact data are available for the specific cases being investigated.

The methods used for estimating steam, electricity and water costs

are discussed separately below:

1. Steam Costs

a. Nuclear Steam Costs

Procedures recommended in TID-7025, “Guide to Nuclear

Power Cost Evaluation,” form the basis [or the nuclear reactor steam cost

estimates. Accordingly a planL capacity factor of 80 percenL was assumed.

The municipal fixed charge rates, however, were adjusted sli,ghtly to

incorporalt a 4 percent interest charge instead of 3.74 percent. The

higher interest rate was chosen to be consistent with the 4 percent

interest rate in the computer program which was used for determination

of optimum desalination plant parameters.

The total fixed charge rate of 7.93 percent for

depreciating items and 5.80 percent for nondepreciating items is made

up as follows:

Depreciating, % Nondepreciating, %

Interest Charged 4.00 4.00

Deprccia[ion (30-year sinking fund) 1.78 --

-Interim Replacements 0.35 --

Property Insurance 0.40 0.40
Sta~e and Local Taxes 1.40 1.40

7.93 5.80

The breakdown of annual and unit steam costs is shown

on Table 13. of the items tabulated, land and land rights, nuclear

liability insurance, operating and mainLenancc, and fuel cost components

have been discussed previously in Items B, C and D; the two remaining

items, total capital cost and working capital, are estimated as follows:



89



b. Fossil-Fuel Steam Costs

Calculation of fossil-fuel steam costs were performed

in a manner similar to that used for nuclear steam cosLs; however, LhE?

fixed charge rates used were 7.78 percent for clepreciat.ing iLcms and

5.65 percent for nondepreciating items. These are 0.15 percent lower

than the corresponding rates for nuclear plants; the difference is due

to lower property insurance rates for fossil-fuel plants.

(1) Capital Costs

Capital cost estimates for the conventional

boiler plants were developed by Burns and Roe, Inc., based on data from

previous projects.

(2) Operating and Maintenance COSLS

operating and maintenance costs were based on

data taken from the “Bureau of Power Technical Memorandum No. l.” These

were plotted and extrapolated as shown on Figure 14.

(3) Working Capital

Working capiLal for fossil-fuel plants was cal-

culated in the same way as wfirking capital for nuclear plants except

for the omiss,ion of the fuel inventory component. The fuel is assumed

to be gas furnished through the supplier’s pipeline. Therefore no

storage facilities are included.

All COSL factors arc shown on Table 14.

2. Costs of Electricity

Annual and unit costs of electricity are shown on Tables 15

and 16. Procedures used for calculating these costs were based on

TII)-7025, “Guide to Nuclear Power Cost Evaluation,” ‘~h~ same plant

capacity factor, interest rates and fixed charge rates used for estimating

steam costs were also used for estimating electrical costs. These factors

were discussed in Paragraph G-1 a, above, “Nuclear Steam Costs.” Where

steam is supplied by a nuclear reactor, nuclear plant fixed charge rates

were also applied L.O the lurboRenerator plant. Where steam is supplied

by gas-fired boilers, conventi,onial plant fixed charKe rates were used.
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In the calculation of steam costs, fuel costs were considered

part of the operating and maintenance cost. In the calculation of elec-

tricity cost, steam costs replace the fuel porLion of the operating and

maintenance costs. Since in each case at least some of the steam

leaving the turbine is used Lo supply heat to the desalination plant,

the full cost of steam from the fossil or nuclear steam generating plant

is not charged to the turbogenerator. For steam passing through both

turbine and desalination plants, the turbine is charged with a fraction

of the generated steam cost equal to the ratio of the enthalpy extracted

ill the turbine LO the total enthalpy extracLed from the steam. Those

portions of steam fed to the turbine which do not go 10 the desalination

planL but are extracted for fcedwater heatins or are dischar~ed to a

cundenser are charged to the turbine plant at full cost. ‘1’hesteam costs

appearins on Tables 13 and 14 are weishted averages of the costs of

steam charsed at full and partial cost.

3. Cost of Water Desalination

Thr “S[.andardized Procedure for Estimating Costs of Saline

Water Conversion” prepared by Lhe Office of Saline Water was followed

in modified Iorm for the water cost calculations. Modifications were

made to pliace t.tleclesalination costs on the same basis as steam and

elec[.ric.al C.[OSLS, and also to achieve greaLtr accuracy where more

recent data is available.

a. Capital Investment

The breakdown of the capital investment costs for Lhe

water desalination planl. is shown on Table 17. A method of estimating

.

each item in

directly from

he table is explained below:

(1) Principal items of Equipment (PIE)

The principal items of equipment f

tile cornputcr print-out.

(2) Erection and Assembly of Plant

The OSW standard procedure assumes ereCtiL3n and

assembly costs to be equal to 30 percent of Lhe cost of principal i~ems
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of equipment. Table 14 on page 126 of the “1962 Saline Water Conversion

Repprt” of the Office of Saline Water, however, presents data which

indicates lower costs for erection and assembly. The 1962 Saline Water

Conversion Report lists more components under principal items of equip-

ment than does the standard procedure. If the data in the 1962 report

is adjusted to the same grouping of items as the standard procedure,

the erection and assembly component is seen LO amounL to approximately

23 percent of the principal items of equipment. Accordingly, for this

study, the 23 percent figure was used.

(3) Instruments

The cost of instruments was assumed to equal

2.5 percent of the cost of principal items of equipment rather than

4 percent as recommended by the standard procedure. The 2.5 percent

figure is based on data from the 1962 Saline Water Conversion Report

after adjustment to correspond to the standard procedure grouping of

principal items of equipmenL.

(4) Raw Water Supply

The investment required for raw water supply

was estimated by Burns and Roe, Inc. For the cases in which cooling

water is required by L.he t.urbogenerator plant as well as by the desal-

ination plant, the investment costs were apportioned on the basis of

the percentage of water required by each plant.

(5) Service Facilities and Buildings

Service facilities and buildings include roads,

walks, railroads, fences, service buildings, guardhouses and miscel-

laneous other equipment and facilities. These items serve the steam and

electrical plants in addition to the desalination plant. In each case,

Lhe toLal cost was estimated by Burns and Roe, Inc., and a percentage

of the cost was assigned to the desalination plant in accordance with

L.he fracLion of the Lot.al use of the item required by the desalination

plant.
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(6) Contingencies

In accordance with th~ (.)SWsLandarcl procedure,

C.OIlt.j.ngCnC~eS were assumed to equal lo percent of the total of all the

above items.

(7) Engineering

Engineering was assum.eclto amount to 10 percent

0[ the C.OSL of all Lhe above items. This is in agreement with Lhe OSW

standard proceduue.

(8) InteresL on Investment during Construction

The OSW procedure was again followed in estimating

the interest on investment during construction, This amounts LO 4 per-

cent of all the above items.

(9) Site

We have made no separate estimate of site costs

for the desalination plant. In most cases, the desalination plant can

be constructed within the nuclear exclusion area and so the land costs

,are all bOrIIQ by the nuclear plant., In the fossil-fuel cases, site

costs are included as part of the service facilities and buildings item.

b. Operating Costs

The desalination plant operating cost breakdown, as

well as the other contributors to the unit costs, are shown on Table 18.

The OSW “Standard Procedure for F:stimating Costs of Saline Water Con-

version” was modified to achieve consistency wit-h the assumptions and

criteria used for sicam and water estimates. Each item of the operating

cost breakdown is discussed briefly below:

(1) Electric Power

The electric power cost estimate is discussed

in Paragraph G 2.

(2) Steam Cost

Steam costs at the steam generator were estimated

as described in Paragraph G 1. The cost of steam used by the turbo-

I,
generaLor plant was calculated by the procedure described in Paragraph G 2.



The steam cost at the desalitl~tion plant is equal LO the difference

between Lhe steam cost at Lhe generator outlet and the steam cost to

the turbogenerator plant.

data of

supplies

(3)

he Point Loma

(4)

Chemicals

The cost of chemicals was based on operatin~

Flash Evaporation Demonstration plaIIL.

Suu~lies and Maintenance Materials

the total

clays per ~

80 perc~n

assumed.

operatinE

In accordance with the OSW standard procedure,

and maintenance materials were assumed to cost 0.5 percent of

plant investment per year. Instead of assuming 330 stream-

ear as suggested in the standard procedure, however, an

plant capacity factor equal to 292 stream-days per year was

The 80 percenl factor was selected to place the desalination

cosL estimates on the same basis as the steam and electricity

estimates. Thus supplies and maintenance materials were taken as 0.0017

percent U[ Lhe plant investment per stream-day.

(5) Operating Labor

Operating labor costs were assumed LO equal

5 percent of: the above operatinz items plus 5 percent of the amortization

(discussed in Paragraph (9) below). This is in agreement with the OSW

standard procedure for large capacity plants.

(6) Maintenance Labor

In accordance with the OSW standard prOCedUre,

maintenance labor was estimated to cost 0.5 percent of ~he toLal plant

investment per year. Thus the cost” pcr stream-day amounts to 0.0017

percent. for 292 stream-days.

(7) Payroll Extras

Payroll ~xLras wure estimated as 15 percent 0[

the C)perati,ng and MaintPIlaIICP labOr. This is in a~reement with the

OSW standard procedure.

(8) General and Administrative Overhead

Based on ~UrIIS and Roe’s field experience,

general and administrative overhead expensrs were assumed to equal
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15 percent of the operating and maintenance labor

This is half the amount suggested by the standard

believed to be more realistic.

(9) Amortization

To be consistent with Lhe

cost estimates, the desalination plant investment

plus payroll extras.

procedure, but it is

steam and electricity

was amortized over a

30-year period with the interest on money at 4 percent. This yielded

an amortization rate of 5.78 percent per year, or 0.0198 percent per

stream-day.

(10) Taxes, Insurance and Interim Keplacetnents

As stated in Paragraph G l,b the fixed charge

rate for conventional depreciating equipment is 7.73 percent. The

aITl[OrtiZatiOIl rate f(lr a ~()-year li[e With III(lIley at 4 perCL?TI~ is eqUal

t.v 5.78 percenL pcr y~ar. ‘lhc difference between fixed char~e rate and

amortization rate is due to taxes, property insurance and interim

rer)lacements (see Paragraph G l,a)+ This amounts to 7.78 minus 5.78

percent, eclual (0 2 percenL per year, or 0.00685 percent per stream-day.

Thus , the 2 percent annual rate for state and local taxes and property

insurance given in the OSW standard procedure is seen to also provide

for interim replacements. The allowance for state and local taxes is

1.65 percent, and that for property insurance is 0.35 percenL.

(11) InLerest on Workin~ Capital

Working capital is assumed to equal 60 days’

production cost. With int.eres[ aL 4 percent per year, and 292 stream-

days per year, the working capital cost per stream-day amounts to

0.00821 times the sum of all the above operatin~ costs.
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